Acrodermatitis enteropathica (AE) is a rare hereditary abnormality of zinc metabolism which usually presents early in infancy, often after weaning from breast milk. Untreated, the disease follows a fluctuating course characterised by bullous pustular dermatitis of the extremities and about the body orifices, chronic diarrhoea associated with malabsorption and failure to thrive, central nervous system abnormalities, and impaired immutie function with frequent infections.' 2 The dermatitis frequently involves the lateral canthal area and lids as. a vesico-bullous eruption evolving into a psoriasiform reaction. The cilia of the brow and lid margin may be lost following the onset of the dermatitis. Conjunctivitis frequently accompanies the dermatitis.34 Linear subepithelial corneal opacities are occasionally found during exacerbations of the dermatitis.5 Cataracts, optic atrophy, and punctal stenosis have also been reported in patients with acrodermatitis enteropathica.46
Initially human breast milk and antibiotic therapy produced a modest improvement in this disease. In 1953 diiodohydroxyquinolone therapy was accidentally found to be efficacious. The mechanism of action of the drug was not known at the time, but it has recently been shown that the drug augments intestinal zinc absorption. In 1973 Moynahan and Barnes7 recognised zinc deficiency as the basic defect in the disease process and successfully reversed all the clinical signs and symptoms with supplemental zinc sulphate alone. Oral zinc supplementation is the current mode of therapy.
The case described here was discovered during a larger study of the ocular effects from all causes of zinc deficiency. The case was managed entirely between 1965 and 1971, four years before the discovery of the basic defect and effective treatment of AE. The disease was ultimately fatal in this case. Both eyes were obtained at necropsy for histological study. Except for a report of a corneal biopsy,5 there have been no previous reports of the ocular histology in this disease.
Case report
This male child was an 8 pound 9 ounce (3884 g) product of an uncomplicated, full term pregnancy. He was in good health until age 1 month when he developed a blistering skin rash on his cheeks. The rash spread to involve the skin around the eyes, nose, and mouth. By the end of two months skin lesions were also noted on the abdomen and extremities. At 3 months he developed diarrhoea and failure to thrive. A skin biopsy at that time showed parakeratosis typical of acrodermatitis enteropathica (Fig. 1) . The association between zinc deficiency and AE had not been made at that time (1965), so the patient was treated over the next six years with intermittent courses of broad spectrum antibiotics, breast milk, and diodoquin. He partially responded to these modes of therapy but nevertheless developed total alopecia, intermittent acrodermatitis, and intermittent diarrhoea with suboptimal weight gain. Spasticity attributed to central nervous system involvement by the AE had developed by 8 months of age. The child suffered several episodes of cardiopulmonary arrest at 11 months. Because of lack of co-ordination of his vocal cords, a tracheostomy was required, which 662 of acrodermatitis enteropathica, absence of thymic tissue, marked degeneration of the optic nerves, chiasm, and optic tracts and extensive cerebellar degeneration. Both eyes were removed for histological examination.
PATHOLOGY OF EYES
The right and left eyes were similar in appearance. They each measured 18x 18x 18 mm with the optic nerve cut flush to the globe. The comeas were translucent and the optic discs were pale. The remaining structures of both globes appeared normal. Both globes were processed for paraffin embedding.
New sections were cut from the existing paraffin blocks and original sections containing the optic disc were restained.
Both eyes had a similar microscopic appearance. The corneal epithelium was reduced in thickness to one to three cell layers of flattened squamous epithelial cells over the entire surface of the cornea (Fig.  2) . All polarity of the epithelium was lost. Bowman's f'I?; membrane could be identified only in the periphery of the right cornea. No Bowman's membrane could be identified in the left cornea. Neither degenerative nor inflammatory pannus could be identified in either eye. Corneal stroma, Descemet's membrane, and corneal endothelium were unremarkable. The anterior chamber angle structures and iris were normal. There was extensive atrophy of the circular and oblique muscles of the ciliary body (Fig. 3) . The longitudinal muscle bundle appeared intact. There was some posterior migration of lens capsular epithelium and early cortical degenerative changes (Fig. 4) . The choroid was normal and the choriocapillaris was well preserved.
There appeared to be extensive degeneration of the retinal pigment epithelium throughout the posterior pole (Fig. 5) , with relatively normal appearing pigment density in the periphery (Fig. 6 ).
The retina was attached and showed mild autolytic changes throughout. There was some preservation of rod and cone outer segments in the posterior pole; however, these structures were completely lost anterior to the equator. There was extensive loss of the ganglion cell and nerve fibre layers of both eyes, and nearly complete atrophy of the disc and adjacent optic nerve (Fig. 7) . There did not appear to be any extensive posterior bowing of the lamina cribrosa of the left eye. The central area of the optic nerve of the right eye was not represented in the sections available. The sclera was of normal calibre throughout.
Discussion
Zinc is an essential trace element which is necessary for RNA and DNA synthesis and the function of a The onset of the case presented here was characterised by the dermatitis of zinc deficiency. One aetiological factor for the dermatitis appears to be a marked alteration of amino acid metabolism, which is essential in cell renewal and repair processes of the integument. 23 The distribution of the skin lesions has not been explained. It has been suggested that persistent mechanical or chemical trauma to the areas of involvement may be partially responsible. 24 If this is true, the repeated chemical trauma of increased tear production associated with nonspecific conjunctivitis may lead to the acrodermatitis of the lateral canthal area.
The child then developed severe diarrhoea and later developed manifestations of severe psychomotor retardation. The exact mechanism of these expressions of the disease has not yet been adequately explained.
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group have been found in both experimental animals and humans with zinc deficiency.'6 These findings may help to explain the child's frequent infections of the skin, middle ear, and urinary tract throughout his life.
Some of the highest concentrations of zinc in the body are found in the ocular tissues, yet the exact role of zinc in the eye is as yet ill defined.' The high turnover rate of the cells of the corneal epithelium appears to place them at the same risk of abnormality as the skin epithelium at the mucocutaneous junction and acral areas. The structural expression of this appears to be the thinning and loss of polarity seen in the corneal epithelium. The repeated trauma associated with the conjunctivitis and blepharitis of the disease to this already compromised epithelium probably explains the loss of Bowman's membrane and subsequent anterior corneal scarring. The transient corneal opacity seen clinically during severe exacerbation was most likely a gross manifestation of the scarring process which subsequently healed to a point where it was no longer clinically apparent.
Two metalloenzymes which are essential to ocular function are zinc dependent. They are alcohol dehydrogenase, which is active in converting retinol, the circulating form of vitamin A, to retinal, the form necessary for rhodopsin production, and carbonic anhydrase, which functions in aqueous production. 8 Abnormalities in retinal function in humans, specifically impairment of dark adaptation, have been reported during episodes of zinc deficiency. 1819 Structural abnormalities in zinc deficient rats included a degeneration of the retinal pigment epithelium and disorganisation of the photoreceptor outer segments.I27 In this case, although some autolysis was present, there was evidence of depigmentation of the retinal pigment epithelium posteriorly and a loss of photoreceptor outer segments out of proportion to the degree of autolysis present. Apparently because of the degree of psychomotor retardation, this child was very difficult to examine, and the intraocular pressure was never recorded. There was no clinical or histological evidence of increased or decreased intraocular pressure. The extreme atrophy of the circular and oblique muscles of the ciliary body at the site of presumed carbonic anhydrase activity may suggest a relationship, though nothing can be proved.
The optic atrophy in this case was profound, which is somewhat unusual in acrodermatitis enteropathica. Because of the degree of cerebellar atrophy, this may have been a part of a more generalised central nervous system involvement. It is also possible that the episodes of cardiopulmonary arrest several months prior to the clinical manifestation of the optic atrophy may have had a role.
The biochemical defect leading to cataract in zinc deficiency has not yet been found. The lens changes in this case appear to be early senile changes. No posterior subcapsular lens changes were found.
Although acrodermatitis enteropathica is now treatable and such a severe ocular expression of the disease may not again be seen, it is extremely important to recognise the early manifestations of this congenital disease so that treatment can be instituted promptly. It is also important to recognise that the ocular manifestations of zinc deficiency seen in acrodermatitis enteropathica may arise in many other, more common, diseases complicated by zinc deficiency.
